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摘 要 
高灵敏、高特异、快速检测疾病相关蛋白不仅在医疗保健方面，在临床实践
和诊断应用方面也具有重要的意义。即时检测（point-of-care test）是指能够通过
便携式设备快速得到检测结果的一种手段，在日常检测疾病中具有广泛的需求。
血糖仪是目前应用最广泛的家用诊断设备之一，可用一滴全血测定血糖，具有操
作简单、快速方便、用血量少的优点，但是检测靶标仅限葡萄糖。脂质体是由磷
脂分子在水中分散而形成的球形双分子层纳米颗粒，由于其内腔可以包裹大量信
号分子而在分析检测方面具有重要的应用。本工作使用脂质体作为信号放大以及
转导载体，将检测的蛋白靶标信号转化为血糖仪可以检测到的葡萄糖信号，建立
即时检测疾病相关蛋白的通用性平台。本方法克服了血糖仪检测靶标单一的缺
点，并利用脂质体体系实现对靶标分子的信号放大，实现检测的高灵敏度。具体
开展了以下几个工作： 
（1）制备了包裹淀粉酶的脂质体，并对脂质体的大小和形貌进行了表征。
为了考察脂质体是否适用于分析检测体系，对脂质体的释放动力学、稳定性以及
表面活性剂对酶活性的影响进行了表征。 
（2）建立了脂质体信号放大体系结合双核酸适体结构检测凝血酶方法。合
成磷脂亚磷酰胺单体，在核酸适体上修饰磷脂。磁珠与脂质体表面分别修饰凝血
酶的两条核酸适体，当凝血酶存在时，两条核酸适体同时与靶标结合形成夹心结
构，从而使脂质体固定在磁珠上。脂质体内包裹有淀粉酶，释放淀粉酶水解淀粉
生成葡萄糖，用血糖仪进行检测，实现对凝血酶的定量分析，检测限为 1.8 nM。
这个工作完成了凝血酶的快速、高灵敏、高选择性检测，并具有良好的通用性。 
（3）建立了脂质体信号放大体系结合双抗体结构通用性检测 C-反应蛋白
（C-reactive protein, CRP）方法。制备捕获抗体修饰的磁珠，并通过 DNA 在脂
质体表面标记生物素。当 CRP 存在时，修饰了捕获抗体的磁珠和生物素修饰的
检测抗体同时结合 CRP 形成双抗体夹心结构，加入链霉亲合素和生物素修饰的
脂质体继而形成复合物。释放脂质体中包裹的淀粉酶，水解淀粉生成葡萄糖继而
被血糖仪检测，实现对 CRP 的定量分析，检测限为 0.3 nM。这个工作完成了 CRP
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的快速、高灵敏、高选择性检测，与传统 ELISA 方法对比具有良好的准确性。 
（4）为了克服传统脂质体制备方法繁琐、耗时的缺点，本论文进一步研究
了微流控方法制备脂质体。在本工作中，使用微水动力聚焦技术在微流控芯片上
制备脂质体。通过改变流体参数、芯片通道大小以及芯片设计，生成了不同大小
的脂质体，并对其进行了表征。通过原子力显微镜表征技术，证明生成了粒径均
一、大小可控的脂质体。 
本论文工作建立了脂质体信号放大体系联用血糖仪方法检测蛋白质，并优化
了脂质体的制备方法。在检测中利用了血糖仪便携、操作简单、成本低廉的优点，
以及脂质体的信号放大与转导优势，有希望应用于不同靶标的便携定量检测，并
应用于即时检测的不同领域，如门诊快速诊断、床边健康监测、化学或生物化学
安全现场控制。 
 
关键词：即时检测  血糖仪  脂质体  信号放大  生物标志物
厦
门
大
学
博
硕
士
论
文
摘
要
库
Abstract 
III 
Abstract 
It is of great significance to detect disease-associated proteins with high sensitivity, 
selectivity and portability, particularly in clinical practice and diagnostic applications. 
Point-of-care test (POCT) refers to a mean of real-time acquisition of test results by 
portable devices, which are highly desired for detection of biomarkers in daily life. 
The personal glucose meter (PGM) is one of the most widely used devices for patient 
self-testing that the result can be read out by one drop of whole blood. PGM has the 
advantages of easy operation, rapid results acquisition and low sample consumption, 
but its target is restricted to glucose. Liposome is spherical structures composed of a 
bilayer of phospholipids dispersed in water. Liposome can be functional components 
in analytical application due to the encapsulation of a large number of signal 
molecules within the inner cavity. In this work, the enzyme-encapsulated liposome is 
used as the carrier of signal amplification and transduction, and the target signal is 
converted into glucose which can be detected by PGM. By combining these two 
strategies, a universal platform is established for point-of-care testing of 
disease-associated proteins. This method overcomes the shortcoming of PGM for 
glucose only and takes advantages of liposome to achieve the amplification of target 
signal with high detection sensitivity. 
The main work composed of three parts are as follows: 
(1) The amyloglucosidase-encapsulated liposomes are first synthesized and the size 
and morphology of liposomes are characterized. To verify whether the liposomes are 
suitable for analytical system, the dynamics, stability of the liposomes and the 
influence of surfactants on enzyme activity are characterized. 
(2) The method of liposome-based signal amplification system combining with 
dual-aptamer structure is established to detect thrombin. The lipid phosphoramidite 
and lipid modified DNA are synthesized for modification of liposomes. Capture 
aptamer functionalized magnetic beads and detection aptamer functionalized 
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liposomes bind with the protein simultaneously to form a “sandwich” structure. 
The breakage of the liposomes leads to the release of a large amount of 
amyloglucosidase encapsulated in the liposomes. The amylose can be catalyzed by 
amyloglucosidase to produce plentiful glucose which can be quantitatively tested by 
the PGM, and the detection limit is 1.8 nM. The method enables fast detection of 
thrombin with high sensitivity and selectivity, and the method has excellent 
versatility. 
(3) The method of liposome-based signal amplification system combining with 
dual-antibody structure is established to detect C-reactive protein (CRP). The capture 
antibody modified magnetic beads (MBs) and biotin DNA labeled liposomes are 
prepared. Capture antibody-conjugated MBs and biotin labeled secondary antibody 
bind with CRP to form a sandwich structure, streptavidin and biotin-labeled 
liposomes are added successively to form further structure. The amylose is 
hydrolyzed by released amyloglucosidase from liposomes to produce glucose which 
can be detected by PGM, and the detection limit of CRP is 0.3 nM. The method 
enables fast detection of CRP with high sensitivity and selectivity, and the method has 
excellent accuracy compared with the traditional ELISA. 
（4）In order to overcome the disadvantages of conventional liposome preparation 
methods, this paper further studies the preparation of liposome by microfluidic 
technique. In this work, micro hydrodynamic focusing technique is used in the 
microfluidic chip to prepare monodisperse populations of liposomes. The liposomes 
with different sizes are prepared by changing the flow parameters, the size of chip 
channels and the design of the chips. The uniform, size controlled liposomes are 
verified by atomic force microscope. 
In summary, this work establishes the liposome-based signal amplification method 
combing with PGM for detection of proteins, and optimizes the preparation method of 
liposomes. The method reported here has the potential for portable and quantitative 
detection of various targets for different POC testing scenarios, such as rapid 
diagnosis in clinic offices, health monitoring at the bedside, and chemical/biochemical 
safety control in the field. 
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